Chelating resins based on immobilised oxines are attractive solid-phase extraction (SPE) materials in the analysis of trace metals from environmental samples. The most common immobilisation procedure for bonding oxines to silica supports is time-consuming and incompatible with "green chemistry" regulations. In this work, a rapid, environmentally friendly chemical transformation to attach oxines (i.e. 8-hydroxyquinoline) to silica surfaces is reported. The chelating resin produced by the procedure described here maintains the chemical configuration (including the spacer arm separating the reactive groups from the matrix) and is identical to that obtained with the traditional method. The resin showed satisfactory capacity exchange and excellent performance as a SPE material for on-line sample preparation (preconcentration and matrix elimination) of some transition metals before their determination by ICP-OES. The applicability of this SPE material was tested by analysing Cu, Co, Zn, Ni and Pb in the range of 50-300 ng ml -1 from a synthetic matrix simulating sediment. The recovery values ranged from 100% for Zn to 70% for Ni. The system was used with optimised parameters to analyse these ions in different sediment reference materials. The results showed good agreement with certified values.
Oxine and its derivatives are among the first chelating reagents to be successfully immobilised to synthesis chelating resins. Chemical attachment of these reagents to a variety of supports has been the subject of many studies. Naturally occurring polymers (e.g. celloluse), organic polymers and inorganic polymers (e.g. silica) are popular; other materials such as activated carbon (Tian et al., 2008) and bentonite calys (Ozcan et al., 2009 ) are also used. Some examples of the application of these supports and the chemical transformations most widely used in the synthesis of oxine-based resins are described below. Most of the reported transformations involve initial surface activation with an amino group. Bauman et al. (1967) described a procedure for diazo coupling of hydroxyquinoline and dithizone to benzidine carboxymethylcellulose to recover trace metals from seawater. Other workers (Csanay et al., 1989 ) coupled 8-hydroxyquinoline-5-sulphonic acid (sulphoxine) to cellulose by converting carboxymethylcellulose into aminocellulose followed by a Mannich reaction with formaldehyde. A similar procedure was used for covalent attachment of sulphoxine to chlorodeoxy-and ethylenediamine-cellulose. (Zih-Perenyi et al., 1998) . 8-Hydroxyquinoline (8-HQ) immobilised onto polystyrene-divinyl benzene (DVB) was synthesised and investigated by many workers (Vernon at. al., 1973; Vernon at al., 1977; Parirish 1982) . Other vinyl polymer materials (e.g., Fractogel TSK) have also been used (Landing et al., 1988; Admas and Powell 2001) . The synthesis process involves an attachment of nitrobenzoyl groups, followed by reduction of the nitro group, which was then diazotized to allow oxines coupling. Another route for the addition of nitro groups is the direct nitration of the phenyl ring using a mixture of concentrated nitric and sulphuric acids (Jain et al., 1997) . A novel simplified procedure for producing 8-HQ covalently bonded to a vinylpolymer agglomerate resin via an amino link between the resin and the 8-HQ functional group was described by Landing and co-workers (Dierssen et al., 2001) . This linkage was reported to be more stable to acid or base hydrolysis than the ester linkage employed in their original method, (Landing et al. 1988) and greatly reduce the bleeding of the 8-HQ functional groups from the resin. The new resin was used to extract trace metals from natural water. Recently, 8-HQ has been successfully immobilised onto polyacrylonitrile (PAN) hollow fibre membrane and used to preconcentrate rare earth elements (REEs) metals from seawater prior to their detection using ICP-MS. The immobilisation involved two steps. Firstly, PAN was reacted with hydrazine at 90-94 °C, and then 8-HQ was coupled via diazotization (Wen et al., 1999) . Reagents were immobilised onto cellulose and polymeric supports, although they exhibited an acceptable exchange capacity and capability to extract metal from solutions over a definite pH range. However, it has been proven that these materials suffer from many serious limitations, such as slow kinetic exchange, swelling and shrinking, and lack of mechanical stability in dynamic systems. Cellulose and its derivatives have the additional problem of degradation due to microbial action.
Silica gel and glass materials are known to be almost free from the above limitations. In addition they have a reactive surface that can be activated easily. Most frequently, the surface activation prior to the attachment of oxins is carried out using amino silane. Several chemical transformations have been used to achieve the attachment of oxins on the amenated silica, including; (1) Mannich reaction via condensation with formaldehyde (Lan and Yang, 1994; Tertykh et al., 2000; Zheng et al., 2006) , (2) the formation of Schiff's base by reacting a reactive derivative such as 5-formyl-8-hydroxyquinoline with the aminated silica (Goswami, 2003) , and (3) coupling of oxins to the aminated silica surface via diazoniation.
Essentially, most of the reported procedures for covalent attachment of oxines onto aminated silica surfaces have been achieved using diazo coupling following a transformation procedure firstly developed by Hill for enzyme immobilisation (Hill, 1973) . In this procedure, the silica surface is aminated via its silylation with aminoalkylsilane, generally 3-aminopropyltriethoxysilane. The resulting aminoalkylated silica is reacted with p-nitrobenzoylchloride, and then the nitro group is reduced to give a p-aminobenzoyl derivative. This intermediate is then diazotized to the diazonioum derivative, and finally coupled with oxines. This procedure, however, suffers from being too long as it involves many preparation steps and is more likely to generate hazardous wastes. Thus, it does not fulfil the new requirement of green chemistry (Prado, 2002) . For instance, during the benzoylation step, the substrate is heated for several hours in chloroform. Marshall and Mottola (Marshall and Mottola 1983) have used an aminophenyl silane '(aminophenyl)triethoxysilane' to activate the silica surface, which is then diazotised to facilitate oxine coupling in one step, thus significantly simplifed and shortened the immobilisation procedure; however, steric hindrance effect is more likely to distress resin functionality as the short linkage is not sufficient to distant the functional group away from the solid support.
In this work, the silylation reagent, p-aminophenoxypropyltrimethylsilane, was considered as a good candidate for the preparation of transitional aminated silica. The presence of phenoxypropyl chain reduces steric effect at the support, allowing more chelating groups to be available away from the silica surface for reaction with metal ions. In addition, the final product has a chemical structure and stable linkage identical to that synthesised according to the most common immobilisation procedure.
EXPERIMENTAL WORK 2.1 Chemical reagents
All reagents used in the immobilisation or analytical process were of analytical grade. The solid support controlled porous glass (CPG) (mesh size 120-200) and sodium nitrite (NaNO 2 ) were purchased from Sigma (Poole, UK). The silylation reagent (p-aminophenoxypropyl)trimethoxysilanae was obtained from ABCR (Manchester, UK), anhydrous toluene and ethanol from Fisher Scientific (UK), hydrochloric acid from Philip Harris, UK, and super purity nitric acid from Romil (Cambridge, UK). Elemental stock solutions (1000 µg ml -1 , SpectrosoL, Merck, Poole, Dorset, UK) were used in the preparation of standard solutions of the studied metals. Ammonium acetate buffer was prepared from the solid and purified by passing through a column of Chelex-100 (BioRad, Hemel Hempstead, UK). The pH was adjusted to the required value with acetic acid or liquid ammonia. The masking agent pyrophosphoric acid (Sigma Aldrich) was added to the buffer immediately prior to the analysis procedure. High purity water (18 Ωcm resistivity, Elgastat UHQ PS, High Wycombe, UK) was used throughout.
All glassware were thoroughly cleaned with Lipsol detergent (LIP, Shipley, UK) and soaked overnight in 5% HNO 3 . Immediately before use, all acid soaked glasses were rinsed with high purity water.
Instrumentations
Elemental analysis was performed with a CHN Fisons Instrument EA1108 (CE Instruments Ltd., UK). The ICP-OES system used consisted of Perkin-Elmer Plasma 40 Inductively Coupled Plasma Optical Emission Spectrometer (ICP-OES) (Perkin Elmer, Beaconsfield, Buckinghamshire, UK) controlled by an IBM XT-486 personal computer using Plasma 400 software. The spectrometer output was connected to Kipp & Zonen Type BD 111 chart recorder (Environmental Monitors Ltd., UK). The ICP-OES operated at the conditions summarised in Table 1 . The solid sediment samples were digested using a temperature-pressure controllable microwave oven (MDS 2100, CEM Corporation, USA).
Immobilisation of the 8-HQ onto the CPG
0.50 g of controlled porous glass (CPG) was boiled gently in 10 ml of 5% (v/v) nitric acid (HNO 3 ) solution for about 30 minutes. The CPG was washed with distilled water over a Büchner funnel until the filtrate attained pH 7, then washed with water and dried in an oven at 95 °C for three hours. The dried beads were silanized with a 5% (p-aminophenoxypropyl)trimethoxysilane solution prepared using anhydrous toluene for 4 hours at room temperature. The silanized beads were then filtered and washed with toluene and acetone before being dried at 110 °C in an oven overnight to ensure complete curing. This resulted in the formation of arylamine CPG. The cured arylamine CPG beads were left to cool at room temperature before being treated with 2% sodium nitrite in 2 M HCl at 0-4 °C for 30 minutes. This reaction results in the formation of diazonium salt-CPG which was quickly filtered, washed with three 10 ml portions of cold distilled water and added to 10 ml of a 2 % solution of 8-HQ in ethanol. Appearance of a deep red colour indicated the formation of the azo-coupled 8-HQ. This coupling reaction was carried out for 30 minutes, after which the CPG-immobilised 8-HQ was filtered and washed sequentially with ethanol, 0.1M HCl, and water. This material was then left to dry over a Büchner funnel for 2 hours and stored in a desiccator for subsequent use. The overall reaction is presented in figure 1 . 
Flow injection manifold for the solid phase extraction
The flow injection manifold for the solid phase extraction process is illustrated in Figure 2 . It was designed to be simple, in order to be operated manually and to facilitate rapid processing for increasing the sampling frequency. A glass column (3 mm i.d. and 25 mm length) (Omnifit, Cambridge, UK) was used in place of an injecting loop in a 6-port rotary valve (Omnifit). CPG-HQ material was packed into the column; at both ends 25 µm pore size PTFE frits (Omnifit) were fixed to prevent material losses. A single four-channel peristaltic pump (Gilson Minipuls 3, Anachim, Luton, UK) was utilised to pump the sample and reagents throughout. The transport lines and mixing coils for sample and buffer delivery were made using 0.9 mm i.d. PTFE tubing and the eluent (nitric acid) delivered using 0.4 mm i.d. tubing. The pump speed was adjusted to deliver the eluent at a flow rate equal to the consumption rate of the nebulizer (1.0 ml min -1
) and the column outlet could therefore be connected directly to the sample uptake device of the ICP-OES instrument.
At this optimum speed, the sampling flow rate was 4 ml min -1 . Prior to operation, 2 M nitric acid was pumped throughout the FI system for 15 min to remove any metal impurity and then the system was flushed with deionised water to remove residual acid. 
Online solid phase extraction process
The flow injection manifold described above interfaced with ICP-OES and utilised to perform online SPE according the following sequence. For conditioning, the first three way selection valve (V1) was switched to the water position and the second 6-port selection valve (V2) switched to the elution position to permit the water/buffer mixture to pass through the column while acid flow was maintained continuously to the ICP instrument. After column conditioning, the valve V1 was switched to permit standard / sample loading onto the column at 4 ml min -1 for the desired loading time. When reaching the duration of loading, V1 was switched back to a position that allowed water/buffer to flow in order to wash the column and transport lines from residual metals and weakly bound calcium and magnesium. By switching the V2 to elution position, the chelated trace metals were eluted off the columns with the eluent (nitric acid), countercurrent to the loading step. Opposite flow direction of loading and elution avoids problems due to the tendency of clogging, which would affect column performance, as well as maximizing preconcentration (Soksamiti et al., 1996) . The column was prepared for the next run by its conditioning with buffer for 30 s.
Determination of exchange capacity
The capacity of the immobilised 8-HQ was determined for Cu and Mn was investigated using nitrogen micro-determination by elemental analysis (Kolstad et al., 1988) and by examining the Cu and Mn metal uptake in static and dynamic mode (Nelms et.al., 1995) .
Resin stability and reusability
The stability of the prepared HQ-CPG materials was investigated in acid (0.50-4.0 M HNO 3 ). A portion of 0.5 g of resin was shaken with acid solutions of varying concentrations for 5 h and filtered. The solid was washed with distilled water until free from acid, dried at 120 °C in an oven and its sorption capacity was determined.
Sediment digestion
The solid sediments MESS-1 and GBW07309 were digested in microwave apparatus according to a validated protocol (Kowalewska et al., 1998) . A portion of 0.50±0.02 g sediment powder was placed into a 250 ml dry polytetraflouro-ethylene (PTFE) vessel, then a mixture of 4 ml HF, 3 ml of HCl and 3 ml of HNO 3 was added. The vessel was covered loosely with a lid and left for 16 hours to allow organic gases to release. The microwave was then operated at a pressure of 120 psi and a temperature of (170±5) °C for 25 min. After venting and cooling, the digest was transferred into a 50 ml polyethylene centrifuging tube with 2% HNO 3 , centrifuged using (Cenrtmic S-577 Lap-Plant, UK) at 300 g for 20 min. The supernatant liquid was decanted into a 50 ml volumetric flask, the volume was completed with 2% HNO 3 , then, transferred immediately into a dry polyethylene container and kept at 4 °C prior to the analysis. This protocol was carried out for a batch of 5 vessels, including one 
RESULTS AND DISCUSSION

Immobilisation reaction
A two step chemical transformation developed to immobilise 8-HQ onto controlled pore glass (CPG) is shown schematically in figure 2.2. In the first step, p-aminophenoxypropyltrimethoxysilane is employed to aminate the CPG surface by the usual silylation reaction in dry toluene. The second step in the sequence used to couple HQ to the aminophenoxypropyl-CPG involves diazotization coupling. The silylation reaction is believed to proceed throughout hydrolysis of the methoxy group of the silane, by the aid of surface adsorbed water, followed by condensation of a surface silanol with a silanol of the silylation agent (Vrancken 1995) . Residual silanol groups of the silica beads can then be condensed by curing at 90-120 °C (Leyden and Luttrell, 1975) .
The use of aminophenoxypropyltriethoxysilane as a silylation agent allows the attachment of aromatic amine in one step and also provides a spacer arm of similar length as with the common procedure. Therefore the attachment of oxines by diazo coupling can be accomplished straightforwardly with no need to attach aromatic amine as usually required with conventional protocol. Aromatic amine attachment to the traditional silane, aminotriethoxysilane, attachment involves 24 hours condensation with nitrobenzoyl chloride in chloroform, followed by reduction of the nitro group to an amine with sodium dithionite. The reduction step itself has been reported to be problematic (Jezorek and Freiser 1979) . The introduction of aromatic amine in the silylation step, however, shortens the time required to complete the conventional protocol (2-3 days) (Sugawara et al., 1974) and eliminates the limitations associated with the reduction step. This synthesis procedure enables an easily controllable immobilisation to be completed in less than a day in ambient temperature. In this work, the feasibility of this procedure was demonstrated by immobilising 8-HQ onto CPG; however, it will be more appropriate for the attachment of oxines and similar reagents to silica surfaces within the porous structure of silica based monolithic materials (Asuhaimi, 2007) . Moreover, it is green chemistry compatible, since no hazardous chemicals are used; therefore no harmful wastes are generated (Marshall and Mottola, 1983) .
Capacity study
The nitrogen content can be taken as an indication of the surface converge and the success of the immobilisation. The capacity value based on nitrogen determination was found to be 0.267± 0.029 mmol g . The value obtained by nitrogen determination is reasonably consistent with that elicited by metal uptake methods and serves as evidence indicating that both metals form a 1:1 complex with the bound oxine.
There may be an argument as to the validity of the capacity values which are obtained by both the metal capacity and nitrogen methods. It has been reported that the free amine site in the silica immobilised 8-HQ product would apparently react with Cu ion at higher pH and may thus result in higher capacity values than expected. To ensure that metals were extracted only by the immobilised HQ, the aminophenoxypropyl-CPG (the product of the first step in the immobilisation process) blanks were run during metals capacity determination.
A similar situation may happen for the determination of nitrogen and carbon by elemental analysis. A former study showed that many N and C containing by-products, as impurities covalently bound to the silica surfaces, may be left when the conventional immobilisation protocol is employed to effect the attachment of oxines to silica materials. Subsequently, it will result in an erroneously high value of the bound reagent based on calculation of the measured carbon and nitrogen contents. However, in this short immobilisation procedure, the possibility of residual organic by-products being bound to the silica surface would be considerably reduced (Kolstad et.al., 1988) . Capacity measurement by nitrogen determination on this resin can, therefore, be taken as a true capacity, taking into account the two nitrogen atoms involved in the diazo linkage of the reagent, which are expected not to contribute to the chelating process.
Optimising the SPE procedure 3.3.1 The effect of buffer pH
Since the solution pH affects the extent of complexation, which in turn determines the percentage of metal retained by the resin, the influence of the pH of 2 M ammonium acetate buffer on the recovery of the selected metals was studied in the range from 3 to 9. Standard metal solutions (200 ng ml -1 of each metal) were prepared in 2% nitric acid and buffered on-line using the FIA manifold. The recovery values for ions in study were evaluated from calibration curves obtained by direct injection of a series of standards prepared in 1.5 M nitric acid. The results calculated as the average of three determinations are presented in Figure 3 . The effect of pH on sorption process may be explained as follow. Metal sorption starts when the pH rises to the range where most acidic ion exchange sites start to exchange hydronium ions (H + ) for metals and the capacity reaches maximum value in the pH range where all the ion exchange sites take part in the reaction and the functional groups able to form chelate rings with metal cations. As the figure shows, all ions exhibited linear range with upward trends before reaching the maximum recovery, because the degree of dissociation increases and H + concentration in solution decrease. Nearly all metals studied reach maximum sorption around pH 5.5. At this pH value, the recovered value for the studied metals ranged from 100% for Mn, and Zn, and 78% for Ni. Therefore, this pH value was considered for all the subsequent work. 
The effect of eluent concentration
The effect of nitric acid on metal desorption was evaluated by increasing the acid concentration from 0.1 to 2 M. The results were evaluated based on the recovery values and represented in Figure 4 . Although some of the investigated metal ions could be eluted efficiently using low concentration of acid (e.g., Cu), others required a concentration of 1.5 M for quantitative recovery. The acid concentration required for each individual element increased as the formation constant of metalcomplex increased. In this study, acid concentration of 1.0 M was considered to be sufficient to elute (recover) the maximum amount of all metals. 
Resin stability and reusability
The sorption capacity for chelating resin treated with acid (4 M) was found to be similar (variation ≤2.5%) to that of the untreated one. Thus, the present resin can withstand 4.0 M HNO 3 , but a light orange coloration was immediately observed in the acid solution when the resin was placed in 5.0 M acid solution. This could be attributed to the cleavage of the ether group of aminophenoxypropyl within the linker arm in highly concentrated acid. The sorption capacity of the resin was also reduced significantly after such treatment. Similarly, when the material was placed in solution of pH >9, again an orange colour developed in the solution. The exchange capacity for the metal ions was determined after several loading and elution cycles. Insignificant decrease in the capacity (2.41%) was observed after around 100 repeated cycles. Therefore, the chelating resin can be reused many times. On storing in dessicator for 10 months, the sorption capacity of 8-HQ-CPG does not change significantly.
Method validation
The digests of sediment samples were analysed using the FI manifold described in the experimental section. 2 M ammonium acetate was used to buffer the standards and real sample on-line, before it passed the column. On-line buffering enables sample mixing and transportation to be carried out within a closed system and hence reduces the chance of contamination of analytes from the environment. The calibration standards were prepared in aqueous solution of 1% nitric acid, covering the dynamic range shown in the table 2 and used to determine the targeted metals in the real samples (sediment reference materials). Table 3 shows the concentration of the analysed metals in reference materials with the certified values. Apart from Cu and Ni ions in the solution (extract) of estuarine sediment, CRM-ES, all the analysed metals were quantified with satisfactory results. The low recovery of these ions could be ascribed to the presence of high level of competing matrix ions in this sample or due to the digestion procedure that being employed for the solid samples. However, the obtained values are still in agreement with the certified ones. 
CONCLUSION
This work reports on a simple, rapid and green chemistry compatible chemical transformation for the covalent chemical attachment of oxines onto silica surfaces (e. i., controlled pore glass (CPG)). The procedure allows the synthesis of an 8-HQ-CPG resin possessing an identical chemical structure and chelating characteristics as that synthesis according to the common procedure. The use of aminoaraylsilane, aminophenoxypropyltrimethoxysilane, to activate silica makes, it easily achievable to attach oxines by straight diazotisation, thus the immobilisation process could be completed in a short time in comparison with traditional process, which is usually takes up to 3 days to be completed. Since only few synthetic steps are involved, this rapid process is an attractive for the immobilisation of oxines and similar reagents within the porous structure of monolithic silica materials, as the traditional method is impractical. For instance, since reagents are propelled through the microstructure, controlling of reaction conditions during prolonged steps (e.g., overnight heat) not possible as with batch methods.
The 8-HQ-CPG resin produced exhibited excellent performance as SPE materials for on-line sample preparation of trace metals prior to ICP-OES quantification. The validation study proved that the method is appropriate for matrix removal for the analysis of difficult environmental samples, such as sediments.
